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POWER CONVERTER ARCHITECTURE EMPLOYING AT LEAST ONE 
CAPACITOR ACROSS A DC BUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This disclosure is generally related to electrical power systems, and 

more specifically to power converter architectures suitable for rectifying, inverting 
and/or converting electrical power between power sources and loads. 

Description of the Related Art 

Power converters are used to transform and/or condition power from 

10 one or more power sources to supply to one or more loads. An inverter is 

commonly used to transform direct current (DC) to alternating current (AC), for use 
in supplying power to an AC load, for example, a three phase electric motor. A 
rectifier is commonly used to transform AC to DC. A DC/DC converter is 
commonly used to step up or step down a DC voltage. An appropriately 

1 5 configured and operated power converter may perform any one or more of these 
functions. 

There are a large variety of applications requiring power 
transformation. For example, a DC power source such as a fuel cell system, 
battery and/or ultracapacitor may produce DC power, which must be inverted to 

20 supply power to an AC load such as an AC motor in an electric or hybrid vehicle. 
A photovoltaic array may produce DC power that must be inverted to supply or 
export AC power to a power grid of a utility. An AC power source such as a power 
grid or micro-turbine may need to be rectified to supply power to a DC load such 
as a tool, machine or appliance or the DC input of an inverter. A high voltage DC 

25 source may need to be stepped down to supply a low voltage load, or a low 
voltage DC source may need to be stepped up to supply a high voltage load. 



other applications will become apparent to those skilled in the art based on the 
teachings herein. 

Many applications for power converters are cost and/or size 
sensitive. These applications will employ other alternatives if sufficiently 
5 inexpensive converters are not available in packages with a sufficiently small 
footprint. Thus, it is desirable to reduce the cost and footprint of power converters, 
without reducing the rated power. 

BRIEF SUMMARY OF THE INVENTION 

Because of the high cost associated with custom-designed power 

10 converters, a modular base power converter has been designed, as disclosed in 
U.S. Provisional Application Serial No. 60/471,387, entitled "ELECTRIC POWER 
CONVERTER," filed May 16, 2003, assigned to the same assignee as the present 
application. The base power converter may employ a high frequency capacitor 
and/or bulk capacitor, to provide a relatively inexpensive and small footprint option 

15 to existing power converters. 

In one aspect, a power converter comprises a housing; a first DC bus 
structure; a second DC bus structure electrically isolated from the first DC bus 
structure; a circuit electrically coupled between the first and the second DC bus 
structures; a high frequency capacitor comprising an anode and a cathode, the 

20 anode electrically coupled to the first DC bus structure and the cathode electrically 
coupled to the second DC bus structure; and a bulk capacitor comprising an anode 
and a cathode, the anode electrically coupled to the first DC bus stnjcture and the 
cathode electrically coupled to the second DC bus structure. 

In another aspect, a power converter comprises a first housing; a first 

25 DC bus bar comprising a number of terminals, at least a portion of the first DC bus 
bar received in the first housing with the terminals accessible from an exterior of 
the first housing; a second DC bus bar comprising a number of terminals, the 
second DC bus bar received in the first housing with the tenninals accessible from 
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the exterior of the first housing; a bridge circuit received in the first housing and 
electrically coupled between the first and the second DC bus bars; a high 
frequency capacitor comprising an anode and a cathode, the anode electrically 
coupled to at least one temninal of the first DC bus bar and the cathode electrically 
5 coupled to at least one temninal of the second DC bus bar; and a bulk capacitor 
comprising an anode and a cathode, the anode electrically coupled to at least one 
terminal of the first DC bus bar and the cathode electrically coupled to at least one 
terminal of the second DC bus bar. 

In yet another aspect, a power converter comprises a first housing; a 

10 circuit board received in the first housing; a first DC bus bar comprising a first set 
of temiinals, the first DC bus bar received at least partially in the first housing with 
the first set of terminals accessible from an exterior thereof; a second DC bus bar 
comprising a second set of terminals, the second DC bus bar received at least 
partially in the first housing with the second set of terminals accessible from an 

1 5 exterior thereof; a number of switches mounted to the circuit board and electrically 
coupled to one another to forni a bridge circuit electrically coupled between the 
first and the second DC bus bars; a first film capacitor electrically coupled across 
the terminals of the first and the second DC bus bars; and a second film capacitor 
electrically coupled across the terminalsof the first and the second DC bus bars. 

20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 

In the drawings, identical reference numbers identify similar elements 
or acts. The sizes and relative positions of elements in the drawings are not 
necessarily drawn to scale. For example, the shapes of various elements and 
angles are not drawn to scale, and some of these elements are arbitrarily enlarged 

25 and positioned to improve drawing legibility. Further, the particular shapes of the 
elements as drawn are not intended to convey any information regarding the actual 
shape of the particular elements, and have been solely selected for ease of 
recognition in the drawings. 
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Figure 1 is an isometric view of a base power converter comprising a 
first housing, integrated cold plate, a DC bus and an AC bus according to one 
Illustrated embodiment 

Figure 2 shows an isometric view of the base power converter of 
5 Figure 1 with the gate driver board removed to show the DC bus, the AC bus, and 
power semiconductor bridge circuitry carried by a number of regions of a 
substrate. 

Figure 3 shows an isometric view of a power converter according to 
one embodiment, comprising a high frequency capacitor and bulk capacitor 
10 coupled across the DC bus of the base power converter, a second housing to 
receive the capacitors and first housing, and a gate driver. 

Figure 4 is an exploded isometric view of the power converter of 

Figure 3. 

DETAILED DESCRIPTION OF THE INVENTION 

1 5 In the following description, certain specific details are set forth in 

order to provide a thorough understanding of various embodiments of the 
invention. However, one skilled in the art will understand that the invention may be 
practiced without these details. In other instances, well known stnjctures 
associated with power converters and power modules have not been shown or 

20 described in detail to avoid unnecessarily obscuring descriptions of the 
embodiments of the invention. 

Unless the context requires othenA^ise, throughout the specification 
and claims which follow, the word "comprise" and variations thereof, such as, 
"comprises" and "comprising", are to be construed in an open, inclusive sense, that 

25 is as "including, but not limited to." 

The headings provided herein are for convenience only and do not 
interpret the scope or meaning of the claimed invention. 
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Figures 1 and 2 show a base power converter 10, generally 
comprising: a lead frame or housing 12, a cold plate 14 attached to the housing 12, 
a DC bus 16, an AC bus 18, power semiconductor devices 20 electrically coupled 
between the DC bus 16 and AC bus 18. 
5 The DC bus 18 includes two sets of DC bus terminals 24, 26 extend 

out of the housing 12. As discussed in detail below, in some applications, one set 
of DC bus terminals 24 is electrically coupled to a positive voltage or high side of a 
power source or load and another set of DC bus tenninals 26 is electrically 
coupled to a negative voltage or low side of the power source or load. In other 

10 applications, the DC bus terminals 24, 26 are electrically coupled to respective DC 
bus terminals 24, 26 on another power converter. 

The AC bus 18 includes a set of AC phase terminals. As illustrated 
the AC bus 18 comprises three pairs of AC bus phase terminals 28a, 28b, 30a, 
30b, 32a, 32b extending out of the housing 12. As discussed in detail below, in 

15 some applications, one pair of AC phase terminals is coupled to a respective 
phase (A, B, C) of a three-phase power source or load. In other applications, 
some of the AC phase terminals 28a, 28b, 30a, 30b, 32a, 32b are interconnected 
across or between the pairs, and coupled to power sources or loads. 

The DC bus 1 8 includes two DC bus structures illustrated as DC bus 

20 bars 34, 36, each including three DC bus temiinals 24, 26, spaced along the 
longitudinal axis thereof, to make electrical connections, for example, to a DC 
power source. Without being restricted to theory, applicants believe that the 
spacing of the terminals 24, 26 along the DC bus bars 34, 36 provide smoother 
current flow within the DC bus bars 34, 36. 

25 Because the DC bus bars 34, 36 are parallel, counterflow of current 

is permitted, thereby canceling the magnetic fields and reducing inductance. In 
addition, the parallel DC bus bars 34, 36 and bus bar insulation 38 construct a 
distributed capacitance. As will be understood by one of ordinary skill in the art, 
capacitance dampens voltage overshoots that are caused by the switching 
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process. Thus, the DC bus bars 34, 36 create a magnetic field cancellation as a 
result of the counterflow of current, and capacitance dampening as a result of also 
establishing a functional capacitance between them and the bus bar insulation 38. 

In contrast to typical power converters, the DC bus bars 34, 36 are 
5 internal to the housing 12. This approach results in better utilization of the bus 
voltage, reducing inductance, and consequently permitting higher bus voltages 
while maintaining the same margin between the bus voltage and the voltage rating 
of the various devices. The lower Inductance reduces voltage overshoot, and 
problems associated with voltage overshoot such as device reliability. The 

10 increase In bus voltage permits lower cuaents for a given power, hence the use of 
less costly devices. The bus bar insulation 38 between the DC bus bars 34, 36 
may be integrally molded as part of the housing 12, to reduce cost and increase 
structural rigidity. The DC bus bars 34, 36 may be integrally molded in the housing 
12, or alternatively, the DC bus bars 34, 36 and bus bar insulation 38 may be 

15 integrally formed as a single unit and attached to the housing 12 after molding, for 
example, via post assembly. 

Figure 2 illustrates the topology of a substrate 40 and associated 
regions 42 and the power semiconductor devices 20 in further detail. The power 
semiconductor devices 20 are operable to transform and/or condition electrical 

20 power. The power semiconductor devices 20 may include switches, for example, 
transistors such as integrated bipolar gate transistors (IGBTs) or metal oxide 
semiconductor field effect transistors (MOSFETs) 48, and/or diodes 50. The 
power converter 10 and power semiconductor devices 20 may be configured and 
operated as an inverter (DC -> AC), rectifier (AC -> DC), and/or converter (DC -> 

25 DC; AC -> AC). For example, the power converter 1 0 and/or power 

semiconductor devices 20 may be configured as full bridges, half bridges, and/or 
H-bridges, as suits the particular application. 

The regions 42 canrying the power semiconductor devices 20 are 
fomied on the substrate 40. for example by etching. Alternatively, each region 42 
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may take the form of a discrete substrate. Substrate 40 is integrally formed with 
the cold plate 14, which thus also series as a base plate. For example, the power 
semiconductor devices 20 may be earned by a dual bonded copper (DBC) 
comprising a conductive layer which is directly attached to the cold plate 14 via 
5 soldering. The use of a cold plate 14 as the base plate, and the direct mounting of 
the substrate 40 thereto, enhances the cooling for the power semiconductor 
devices 20 mounted on the regions 42 of the substrate 40 over other designs. 

Each region 42 typically carries two IGBTs 48 and four diodes 50. 
However, the inclusion of specific component types (switches such as IGBTs 

10 and/or diodes) and the number of each component on a region 42 may depend on 
the specific application. For example, a region 42 may carry up to four IGBTs 48, 
or alternatively, up to eight diodes 50. Alternatively, a region 42 may carry four 
diodes 50 and omit IGBTs 48, for example, where the power semiconductor 
devices 20 on the region 42 will act a rectifier. The ability to eliminate components 

15 where the specific application does not require these components produces 
significant cost savings. The ability to add additional components of one type in 
the place of components of another type on a region 42 provides some flexibility in 
adjusting the current and/or voltage rating of the power converter 10. Thus, this 
modular approach reduces costs, and provides flexibility In customizing to meet 

20 demands of a large variety of customers. Of course, other sizes of regions 42, 
which may carry more or less components, are possible. 

Figures 3 and 4 show an embodiment of the base power converter 
10 configured with a high frequency capacitor 100 and a bulk capacitor 102, 
suitable for a variety of high power applications, for example, as a 600V, 800A 

25 inverter. Figures 3 and 4 also illustrate a gate driver board 22 (not shown in 

Figures 1 and 2 so as to illustrate the structure under the gate driver board 22). As 
illustrated in Figures 3 and 4, a second housing 116 receives the first housing 12, 
as well as both the high frequency capacitor 100 and the bulk capacitor 102. The 
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second housing 116 may provide an enclosure or cliannels to provide liquid 
cooling in the cold plate 14. 

The high frequency capacitor 100 may be a film capacitor, rather 
than an electrolytic capacitor. This provides a tightly coupled, low impedance path 
5 for high frequency components of cun^ent. The high frequency capacitor 1 00 may 
be physically coupled adjacent the gate driver board 22 via various clips, clamps, 
and/or fasteners 104, 106. The high frequency capacitor 100 may overlay a 
portion of the first housing 12, and may be electrically coupled to the DC bus bars 
34. 36 (Figure 2) via the terminals 24. 26, respectively. 

10 The bulk capacitor 102 may be an electrolytic capacitor or a film 

capacitor such as a polymer film capacitor, and may be physically coupled 
adjacent the gate driver board 22 via various clips, clamps, and/or fasteners 108. 
The bulk capacitor 102 may be electrically coupled to the DC bus bars 34, 36 via 
the terminals 24, 26, respectively. Alternatively, the anode of the bulk capacitor 

15 1 02 may be electrically coupled to the anode of the high frequency capacitor 1 00 
and the cathode of the bulk capacitor 102 may be electrically coupled to the 
cathode of the high frequency capacitor 100 via DC interconnects. 

The second housing 1 16 is provided to physically receive the high 
frequency capacitor 100, the bulk capacitor 102, the base power converter 10 and 

20 first housing 12. The second housing 1 16 further accepts the cold plate 14, 

containing an inlet aperture 60 and outlet aperture 62 for liquid cooling of the cold 
plate 14. The cold plate 14 may take the form of a pin finned aluminum silicone 
carbide (ALSIC) plate. The use of ALSiC plate closely matches the themial 
expansion properties of the substrate 40, thus reducing cracking and the void 

25 formation associated with thermal cycling. This particular embodiment employs 
liquid cooling of the cold plate 14 via inlet 60 and outlet 62. 

Tightly coupling the bulk capacitor 102 and high frequency capacitor 
100 to the DC bus bars 34, 36, avoids bus bar problems typically associated with 
DC bus bars 34, 36, and may allow the elimination of overvoltage (/.e., snubber) 
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capacitors. The high frequency capacitor 100 provides a very low impedance path 
for the high-frequency components of the switched current. The prior art of high- 
frequency paths (sometimes called "decoupling" or "snubber" paths) placed a 
discrete package extemal to the module. Since this path included a significant 
5 stray inductance, the discrete package was large. For example, in one 

embodiment, the discrete capacitor is 1uF. However, the inclusion of the high 
frequency capacitor 100 serves the purpose better, but with only 50nF (5% of the 
capacitance). Further, this makes the capacitor so small it did not impact the size 
of the power module 10, thus completely eliminating the need external hardware 

10 and volume requirements. 

Although specific embodiments of and examples for the power 
converter and method of the invention are described herein for illustrative 
purposes, various equivalent modifications can be made without departing from 
the spirit and scope of the invention, as will be recognized by those skilled in the 

15 relevant art. The teachings provided herein can be applied to power modules and 
power converters, rectifiers and/or inverters not necessarily the exemplary power 
converters and systems generally described above. 

While elements may be described herein and in the claims as 
positive or negative, such denomination is relative and not absolute. Thus, an 

20 element described as positive is shaped, positioned, and/or electrically coupled to 
be at a higher relative potential than elements described as negative when the 
power converter is coupled to a power source. Positive elements are typically 
intended to be coupled to a positive terminal of a power source, while negative 
elements are intended to be coupled to a negative terminal or ground of the power 

25 source. Generally, positive elements are located or coupled to the high side of the 
power converter and negative elements are located or coupled to the low side of 
the power converter. 

The power converters described above may employ various methods 
and regimes for operating the power converter and for operating the switches. The 

9 



particular method or regime may be based on the particular application and/or 
configuration. Basic methods and regimes will be apparent to one skilled in the 
art, and do not form the basis of the inventions described herein so will not be 
discussed in detail for the sake of brevity and clarity. 
5 All of the above U.S. patents, U.S. patent application publications, 

U.S. patent applications, foreign patents, foreign patent applications and non- 
patent publications referred to in this specification and/or listed in the Application 
Data Sheet, including but not limited to commonly assigned U.S. Application Serial 
Nos. 60/233,992; 60/233,993; 60/233,994; 60/233,995 and 60/233,996, each filed 

10 September 20, 2000; Serial No. 09/710,145, filed November 10, 2000; Serial 

Nos. 09/882,708 and 09/957,047, both filed June 15, 2001; Serial Nos. 09/957,568 
and 09/957,001, both filed September 20, 2001; Serial No. 10/109,555, filed March 
27, 2002; Serial No. 60/471,387, filed May 16, 2003; Serial Nos. 10/642,391 and 
10/642.424, both filed August 14, 2003; and Serial No. 10/658,804, filed 

1 5 September 9, 2003, are each incorporated herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 

20 the appended claims. 
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